We describe the rarity of Helicobacter pylori strains of vacuolating cytotoxin type s1a (the type most commonly associated with peptic ulceration in the United States) among black and mixed-race South Africans. We also provide the first description of a naturally occurring strain with the vacA allelic structure s2/m1.
Helicobacter pylori colonizes the human gastric mucosa, leading to chronic superficial gastritis, and is an important risk factor for peptic ulceration, gastric adenocarcinoma, and gastric lymphoma. Two virulence determinants have been described: a 40-kb pathogenicity island for which the gene cagA (cytotoxin-associated gene A) is a marker (5) and a secreted cytotoxin, VacA. The cytotoxin causes vacuolation of epithelial cells in vitro (12) and induces epithelial cell damage and mucosal ulceration when administered orally to mice (14) . Although fewer than 50% of H. pylori clinical isolates from the United States produce HeLa cell-vacuolating activity, the gene vacA, which encodes the cytotoxin, has been found in all strains studied (6) . However, vacA alleles vary between toxigenic (Tox ϩ ) and nontoxigenic (Tox Ϫ ) strains, the differences being most marked in the region encoding the signal sequence and the mid-region of the gene (2) . vacA alleles of strains from the United States, Europe, and Asia are mosaics consisting of any combination of the three signal sequence types (s1a, s1b, or s2) and two mid-region types (m1 or m2), with the exception of s2/m1 (2, 3). The mosaic structure of vacA could be explained by stepwise acquisition of stretches of DNA as single isolated events followed by clonal expansion or by acquisition of DNA and subsequent recombination between vacA alleles among H. pylori strains. Several lines of evidence, namely multilocus enzyme electrophoresis (7, 8) and the use of genetic markers (13) , suggest that recombination is frequent in H. pylori. If recombination occurs within vacA, it is unclear why vacA s2/m1 alleles have not been found, especially since we have introduced an artificially constructed s2/m1 allele into two strains and have shown them to be viable in vitro (11) . In the United States, strains with vacA s1a alleles are associated with peptic ulceration more frequently than those with s1b or s2 alleles (4). vacA diversity among H. pylori strains from South Africa has not previously been studied but may be clinically important because the scarcity of pathogenic strains could explain the "African enigma" of high levels of H. pylori infection but relatively low levels of peptic ulcer disease and gastric adenocarcinoma in Africa (10) . For this reason we studied vacA allele diversity among South African H. pylori isolates.
We examined single-colony H. pylori isolates from 16 South African patients having a median age of 36 years (range, 20 to 63 years). Fifteen patients were black or of mixed race, and 1 was caucasian; 11 were male, 11 had active duodenal ulcers, and 5 were asymptomatic without ulcers. None were taking non-steroidal anti-inflammatory drugs. For three patients, two morphologically distinct colonies were isolated and examined separately. Chromosomal DNA was extracted from 48-h plate cultures of each strain by a previously described guanidine thiocyanate-EDTA-Sarkosyl lysis method (1). For each isolate, the vacA signal sequence and mid-region were characterized by PCR as previously described (2) . The presence or absence of cagA was determined for each isolate by DNA hybridization: samples of each genomic DNA were applied to a nylon membrane and hybridized with a 349-bp digoxigenin-labelled cagA probe derived from H. pylori 84183 (2) .
vacA and cagA genotypes were successfully and fully determined for each isolate; results are shown in Table 1 . For the three patients from whom two morphologically distinct colonies were isolated, both colonies showed the same vacA and cagA genotype, and for clarity, only one isolate has been included in Table 1 . A single vacA s1a/m1 strain was found; it was isolated from the one caucasian patient in the study. Of the 15 black or mixed-race South Africans in this study, 10 had vacA s1b/m1 isolates, 4 had s1b/m2 isolates, and 1 had s2/m1 isolates (two isolates from the same patient).
We compared the vacA and cagA genotypes of South African strains from this study with those of previously reported strains from the United States (2, 4) and Asia (3) (Fig. 1) . There are striking geographical differences. The absence of the vacA s1a allele among isolates from black and mixed-race subjects from South Africa contrasts with the finding of s1a alleles among all Asian strains studied (P Ͻ 10 Ϫ10 , Fisher's exact test). The prevalence of type s1a vacA alleles among South African strains was also significantly less than that among strains from the United States, where a more even spread of strains with the three different signal types was found (34% s1a; P Ͻ 0.01). These comparative data between strains from different continents are potentially influenced by disease state, as there is a recognized link between the vacA s1a genotype and peptic ulceration in the United States (4). However, if this is controlled for by considering only patients with peptic ulcers, the results are even more striking. Among such patients, none of 10 black or mixed-race South Africans had strains with vacA s1a alleles, which is less than the 100% of 14 strains from Asians (P Ͻ 10 Ϫ6 , Fisher's exact test) and the 58% of 40 strains from North Americans (P Ͻ 0.005). In contrast to this finding for the vacA signal region, both vacA mid-region types were observed among South African strains, as was the case for strains from Asia and North America. cagA ϩ strains were observed in South Africa at a frequency similar to that for strains from the United States, whereas all the strains we have studied from Asia were cagA ϩ (Fig. 1) . The only subject with a type s2 vacA signal region appeared to have an s2/m1 vacA allele; natural occurrence of vacA alleles with this structure has not previously been reported. To confirm the genotype of this isolate, the 246-bp signal region and 463-bp mid-region PCR products from duplicate reactions were cloned into the pGEM-T Easy vector (Promega) and sequenced. The nucleotide and deduced polypeptide sequences were then compared with the corresponding regions of the published vacA sequences from United States strains 60190 (s1a/m1) and Tx30a (s2/m2) by using the Clustal V algorithm (9) . The signal region showed greatest identity (87.4% at the nucleotide level) with the typical United States s2 strain Tx30a, including the characteristic 9-codon insertion, which encodes a signal processing site different from that of the s1 signal sequence (2) . The mid-region showed greatest identity (99.1% at the nucleotide level) to the typical United States m1 strain 60190.
For a subset of isolates (a maximum of four strains of each genotype), cytotoxin activity was determined by applying 48-h unconcentrated broth culture supernatants to cultured AGS cells, incubating the cells for 24 h at 37°C, and recording the level of vacuolation observed (2) . Two of the strains were cytotoxic in this assay (defined as Ͼ80% of HeLa cells exhibiting vacuolation), the vacA s1a/m1 strain and one of the s1b/ m1 strains; thus, the s2/m1 strain was noncytotoxic (Table 1) .
To conclude, vacA diversity was demonstrated among South African H. pylori strains, but the pattern was different from that found among strains from the United States or Asia. In particular, strains with the vacA s1a genotype were not found among H. pylori isolates from black or mixed-race South Africans in this sample. High levels of H. pylori infection exist in Africa, yet the incidences of peptic ulcer disease and gastric adenocarcinoma are both thought to be low (10) . It is interesting to speculate that this may be explained by a low prevalence of H. pylori strains with the vacA s1a allele. (Infection with strains with the vacA s1a allele has been shown to be associated with peptic ulceration in a United States population [4] .) A larger study to examine the association between vacA genotype, race, and disease in South Africa is currently in progress. Perhaps the most important discovery in this study was the natural existence of a strain with a vacA s2/m1 genotype. The finding that all combinations of vacA signal sequence and mid-region do occur naturally strongly supports the concept of recombination occurring between vacA genes in vivo to create the mosaic gene structures observed.
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